WORIJ> INTCLUECTUAL PROPESCTY ORGANIZATION 
Inieniatioaal Bareaa 




PCX 

H^^TERNATIONAL APPUCAnON PUBUSHED UNDER THE PATENT COOPERATION TREATY (FCT) 



(51) Inteniational Patent OassificataoQ ^ : 

C07D 311/04, 311^4, 311/76, COTK 
1730, 1/34. 14/415, C12P 17/06 



Al 



(11) iQternatioiial Publication Niunben 
(43) International Publication Date: 



WO 95/10512 

20 April 1995 (20.04.95) 



ai) l0t<matlofial Apfrfkatiott Number: PCrrAJS94n0699 
(22) Internatioaal Filing Date: 21 September 1994 (21,09.94) 



(30) Priority Data: 
08^135,192 



12 October 1993 (1Z10.93) US 



ieO) Parent Appticatioa or Grant 
(€3) Related by Cootinuatioo 
US 

Hied oo 



0Sn35,192 (OP) 
12 October 1993 (1^10^3) 



(71) Applicant (for aU tUsigtuaed Suues except US): PRUlEIN 
TECHNOLOGIES INIERNATIONAU INC. [USAJS]; 
(3iocteboard Square, Sc Ijoms. MO 63164 (US). 

(72) InYcntors; and 

nS) Inventors/Applicants (for VS onlyH SHEN. Jerome, L. 
[USAJS]; 5937 Kcitb Place, Sl Louis, MO 63109 (US)- 
BRYAN, Barbaia, A. [USAJS]; 7039 Pershing Avenue, 
Uoivcisity City, MO 63130 (US). 

(74) Agent: BANDY, Mark, E.; Price, Hcnevcld, Cooper, DcWitt &. 
Ution. 695 Kcnmoor, S.E^ P.O. Box 256?, Grand Rapids, 
MI 49501 (US). 



(81) Designated SUtcs: AM. AU, BB, BG, BR, BY, CA. CH, CN, 
CZ, Fl, (3a HU, JP, KB, KG, I3>, KR, KZ. UC LT, LV. 
MD, MG, MN, MW, NO, NZ, PL, RO. RU, SD. SI, SK, 
TJ, TT, UA, US. U2; VN. European patent (AT. BE. CH, 
DE. DK. ES, FR, GB. GR, IE, IT, LU, MC. NL, FT, SE). 
OAPl patent (BF, BJ, CF.CG, d. CM. GA, GN, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report 



(54) TiUe: AN A(3LUCONE ISOFLAVONE ENRICHED VEGETABLE PROTEIN WHEY. WHEY PROnEIN. AND PROCESS FOR 
PRODUCING 

(57) Abstract 

Ajducooc isoflavooc cmicbcd vegetable protein wbcy. wbcy protein and processes for producing and rccovaiDg sucb aie disclosed. 
A^tucoi^isoeavoQc cacicb=d vcgetoWe protein wbey is made by treating wbey comprising glucone isoflavooes with a sufficient «noaot 
^bcU-glocoddasc coryme or esterase enzyme or acid to convert at least a majority of tbc glucone isoflavooes to agTucooes and tbcrcby 
provide an aglucone enriched wbcy. An aglocooc eoricbed wbcy protein is obtained by rocovcry of tbc protcm. 



BEST AVAILABLE COPY 



FOR THE rURTOSES OF INFORMATION ONLY 



Codes used Co identify States party Co the PCT oo tbc from pages of pamphlets publishing intcraadooal 
appUcacioRs under die PCT. 



AT 


Aoscru 


GB 


Uiutfid fCtngdom 


MR 


MaiffiUaia 


AU 




ce 


Georifia 


MW 


Malawi 


BB 


B«ft»dM 


CN 


Gtilnc* 


NE 


Ni8<r 


BE 


Bclfjixs 


GR 


Graeoc 


NL 


Keifaeviwd» 


BF 


BurUnA P»40 


BU 




NO 




BG 


BulgMiA 


IE 


facUad 


KZ 


HewZealaad 


aj 


Benin 


IT 


Cuty 


FL 




BR 


Bnxil 


JP 




nr 


PoctDcal 


BY 


BcUnu 


KB 


Cceya 


RO 


Rooumia 


CA 


CMlUfa 


KG 




RU 


RuaaUn Fadcndon 


CF 


CcaCnJ AfiicAO Republic 


KP 


f^'Ti tfTT^y I^ooplc's RfipOfallC 


SD 


Sudao 


CC 






of Kotu 


SE 




CH 


SwKBcriuKl 


KR 


Republic of Koccft 


SI 


Sloincfua 


a 




KZ 




SK 


Slovalda 


CM 




U 


Liocbieastcin 


SN 


Sc»«Bal 


CN 


Oiiiu 


LK 


SdUttlu 


TD 


QMd 


cs 


^ocboclovtldi 


LU 




TG 


Togo 


cz 


Ctecb ftcpubtic 


LV 


Latvia 


TJ 


T^ildaufl 


DE 


Ccrmuy 


MC 


Mouoo 


TT 


lUsidad aDd Tobteo 


DK 


DcKurt 


MD 


RepuMic of MoldovA 


UA 


UkimiDc 


ES 


Spun 


HG 


Mwlagucar 


OS 


Uititfid Sucej of America 


n 




ML 


Mali 


uz 


Uzbekxscu 


FR 




MN 




VN 


VictKaoi 


GA 













wo 95/10512 



PCT/US94/10^99 



AN AGLUCONE ISOFLAVONE ENRICHED VEGETABLE PROTBfN WHEY, 
WHEY PROTEIN, AND PROCESS FOR PRODUCING 
Field of the Inventiop * 
The present invention relates to the production of an aglucone isoflavone 
5 enriched vegetable protein whey and whey protein, by reacting a vegetable protein 
whey containing protein and isoflavones with one or more beta-glucosidase enzymes 
or acid to convert substantially all the glucone isofiavooes to aglucones and thereby 
provide the aglucone enriched whey. An aglucone enriched, whey protein is also 
obtained by rccovciy of the protein from the enriched whey. This is a conlinuation- 
10 in-part application of United States patent application Serial 
No. 08/135,192, filed October 12, 1993, 

Background of the Invention 
Isoflavones occur in a variety of leguminous plants, including vegetable 
protein materials such as soybeans. These con^unds include daidzin, 6-OAc 
15 daidzin, 6"-OMal daidzin, daidzein, genistin, 6"-0Ac genistin, 6"-OMal genistin, 
genistein, glycitin. e^-OAc-glycitin, 6"-OMal-glycitin, glycitein, biochanin A, 
formononetin and coumestrol. Typically these compounds are associated with the 
inherent, bitter flavor of soybeans, and in the production of commercial products, 
such as isolates and concentrates, the focus has been to remove these materials. For 
20 example, in a conventional process for the production of a soy protein isolate in 
which soy flakes are extracted with an aqueous alkaline medium, much of the 
isoflavones are solubilized in the extract, and remains solubilized in the whey, which 
is usually discarded following acid precipitation of the protein, to form an isolate. 
Residual isoflavones left in the acid precipitated protein isolate are usually removed 
25 by exhaustive washing of the isolate. 

It has been recently recognized that the isoflavones contained in vegetable 
proteins such as soybeans may inhibit the growth of human cancer cells, such as 
breast cancer cells and prostate cancer cells as described in the following articles: 
"Genistein Inhibition of the Growth of Human Breast Cancer Cells, Independence 
30 from Estrogen Receptors and the Multi-Drug Resistance Gene" by Peterson and 
Barnes, Biochemical and Biophysical Research. Communications . Vol. 179, No. 1, 
pp. 661-667, August 30. 1991; "Genistein and Biochanin A Inhibit the Growth of 
Human Prostate Cancer Cells but not Epidermal Growth Factor Receptor Tyrosine 
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Auto-phosphorylation" by Peterson and Bames, The Prostate . Vol. 22, pp. 335-345 
(1993); and ''Soybeans Inhibit Mammary Tumors in Models of Breast Cancer" by 
Bames. et al. Mutagens and Carcinogens in the Diet , pp. 239-253 (1990). 

Of the above isoflavones, several exist as glucosidcs, or as glucones, with a 
5 glucose molecule attached at the seven position as illustrated in the formula below. 
Several of the glucones such as the 6"-OAc genistin, contain an acetate group 
attached to the six position of the glucose molecule itself. While all the isoflavones, 
including the glucosides are of interest in medical evaluation, the specific isoflavones 
of most interest are the aglucones. wherein the glucose molecule is not attached. 
10 These isoflavones are not as water soluble as the glucones or glucosides. Specific 
isoflavones in this category are daid^ein, genistein. and glycitcin. These aglucones 
have the following general formula: 




wherein, R,, Rj, Rs and Ki may be selected from the group consisting of H. OH and 
OCH3. It is therefore to the aglucones and enrichment of a vegetable protein whey 

15 or whey protein with these malerials to which the present invention is directed. 

Methods are known in the art for converting glucone isoflavones to agluconc 
isoflavones. such as described in Japanese Patent Application 258,669 to Obata et al. 
Such processes achieve only a moderate extent of conversion and so are not desirable, 
particularly for large scale commercial operations. In addition, known processes such 

20 as described in the '669 application teach removing the isoflavones from the protein 
material and do not describe how to prepare an aglucone isoflayone enriched protein 
whey. Thus, there is a need for a process of converting at least a majority and 
preferably substantially all glucone i.soflavones to aglucone isoflavones. and for 
producing an aglucone isoflavone enriched whey and whey protein. 

25 It is therefore an object of the present invention to provide an aglucone 
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isoflavone enriched protein whey, whey protein, and a process for producing the 
same. This, and other objects, are specifically achieved in the detailed description 
of the present invention set forth below. 

Summary of the Invention 

5 The present invention provides processes for producing an aglucone isoflavone 

enriched vegetable protein whey comprising obtaining a vegetable protem whey 
comprising ghicone isoflavones and reacting the glucone isoflavones with a sufficient 
amount of one or more beta-glucosidase enzymes for a timcj>criod, temperature, and 
pH sufficient to convert at least a majority of the glucose isoflavones in the whey to 

0 aglucone isoflavones, and thereby produce an aglucone isoflavone enriched whey. 
The present invention also provides methods for producing such whey wherein 
supplemental beta-glucosidase is added to the whey to produce aglucone isoflavone 
enriched whey. The present invention also provides methods for producing such 
whey by treatment with one or more acids. In addition, the present invention 

5 provides aglucone isoflavone enriched vegetable protein whey and whey products. 
In addition, the present invention also provides methods of recovering, in relatively 
high proportions, isoflavones in whey and whey protein, from vegetable protein 
materials. 

Description of the Preferred Embodiments 
0 Although the present invention will be described with respect to soybean whey 

and although the process is panicularly suited for the production of aglucone 
isoflavone enriched whey from soybean materials, nevertheless the process is 
generally applicable to the production of aglucone enriched wheys from a variety of 
vegetable protein sources which contain isoflavones. An example of such a source 
5 is a vegetable protein material comprising soy or soybean materials. The term 
"soybean material" as used herein refers to soybeans or any soybean derivative. 

The starting material in accordance with the preferred embodiment is soybean 
flakes, from which the oil has been removed by solvent extraction. The flakes are 
extracted with an aqueous extractant having a pH above about the isoelectric point 
D of the protein material, preferably a pH of about 6.0 to about 10.0 and most 
preferably a pH of about 6.7 to about 9.7. Typical alkaline reagents may be 
employed, if desired to elevate the pH of the aqueous extractant including sodium 
hydroxide, poussium hydroxide, and calcium hydroxide. The desired isoflavone 
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compounds are typically solubilized in the aqueous extract. It is also desirable, in 
order to maximize recovery of these compounds in the aqueous extract that the 
weight ratio of extract to soybean flakes is controlled to specific levels in order to 
solubilize as much of the inherent isoflavoncs in the protein material as possible. 
5 Extraction of the proteins and isoflavoncs can be carried out in a variety of 

ways including countercurrent extraction of the flakes at a weight ratio of aqueous 
extractant to flakes of about 8: 1 to 16: 1 , in which the initial extract is used to extract 
the flakes and provide an aqueous extract of protein and isoflavoncs. Alternatively, 
a two-step extraction process can be used in which the weight ratio of extractant to 

10 flakes in the initial step comprises about 10:1 and then a second extraction of the 
flakes with fresh extractant takes place at a weight ratio of extractant to flakes of 
about 6:1, so that the combined weight ratio of extractant to flakes in both steps does 
not exceed a total weight ratio of extractant to flakes of about 16: 1 . 

The pH of the resulting protein extract with solubilized isoflavoncs is then 

15 adjusted to about the isoelectric point of the protein in order to precipitate the 
protein. The pH is adjusted to about the isoelectric point of the protein by the 
addition of an edible acid such as acetic, sulfuric, phosphoric, hydrochloric or any 
other suitable reagent. The isoelectric point for soy protein is typically about 4.4 to 
4.6. The protein material is precipitated in the form of a curd which can be 

20 separated from the aqueous extract. The remaining aqueous extract of the starting 
material is referred to as the "whey" of whatever vegetable protein source that is used 
as the starting material. The isoflavoncs, for the most part remain solubilized in the 
whey and to maximize recovery in the whey, additional washing of the precipitated 
protein may be desirable to assure complete recovery of the isoflavoncs. 

25 Gluconc isoflavoncs in the whey are converted to aglucone isoflavoncs by 

reaction with enzyme, or reaction with acid. Conversion utilizing an enzyme is as 
follows. Glucone isoflavoncs in whey are reacted in a reaction process, with a 
sufficient amount of one or more beta-glucosidasc enzymes to conven at least a 
majority, and preferably substantially all isoflavoncs in glucone form to aglucones. 

30 The beta-glucosidasc enzyme may be naturally present in the soybean material or 
present from microbial growth, referred to herein as "residual" enzyme, or may be 
added to the whey. Added enzyme is referred to herein as "supplemental enzyme". 
Generally, if the concentration of residual enzyme in the whey is insufficient to 
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convert a majority, and preferably substantially all the isoflavones in glucone form 
to aglucone form, then supplemental enTyme should be added. The amount of 
en:^TOe sufficient to perfonn the conversion of isoflavones, varies upon a multitude 
of factors including the types of enzymes present, distribution of enz)ane 
5 concentrations, pH of the system, and activities of enzymes present. Once sufficient 
concentrations of enzymes are present, either via residual enzymes, supplemental 
enzymes, or both, the whey with solubiiized isoflavones is reacted with the beta- 
glucosidase enzymes for a time period, temperature, and pH sufficient to convert at 
least a majority and preferably substantially all the glucone isoflavones contained in 
10 the wbey to the aglucone form. 

Preferred supplemental beta-glucosidase enzymes include Biopectinasc lOOL 
and 300L, Biopectinase OK 70L, Lactase F, and Lactozyme. Lactase F is available 
from Amano Interpational Enzyme Co, Inc., P.O. Box 1000 Troy, VA 22974, which 
has an optimum pH range of about 4 to about 6 and Lactozyme is available from 
15 Novo Industries, Enzyme Division, Novo Alle, DK 2880 Bagsvaerd, Denmark which 
has an optimxun pH range of about 7. Biopectinase lOOL, Biopectinase 300L, and 
Biopectinase OK 70L are available from Quest International, Sarasota. Florida. 
Supplemental enzymes are added in amounts sufficient to convert at least a majority 
and preferably substantially all the soiubilized glucone isoflavones contained in the 
20 whey to aglucones. In instances where it is necessary to add supplemental enzymes, 
the amount of enzyme added is about 0.5% to about 5% by weight of the whey solids 
on a dry basis. 

Another class of enzymes suitable for administration as supplemental enzymes 
arc esterase enzymes. These enzymes are believed to be well suited to the preferred 

25 embodiment processes described herein as they convert the acetate and malonate 
conjugates to glucone isoflavones by removing the acetate and malonate groups from 
the isoflavone conjugates. In the most preferred embodiment, both types of enzymes, 
beta-glucosidase and esterase enzymes are utilized. 

The processes of the preferred embodiment are preferably one-step processes 

30 and achieve very high degrees of conversion of isoflavones (from glucone form to 
aglucone form), in relatively short periods of time, and with relative ease and 
economy. The term "one-step*' reaction process as used herein refers to a reaction 
process in which certain process parameter values are generally maintained over the 
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course of the reaction process. These process parameters include pH and 
temperature. 

The very high degrees of conversion are such that at least a majority, and 
preferably, substantially all the isoflavones in glucone form present in the whey are 
5 converted to aglucone form. The term at least "a majority" refers to extent of 
conversion of glucone isoflavones to aglucone isoflavones of at least about 50% . The 
term "substantially all" refers to extent of conversion of glucone isoflavones to 
aglucone isoflavones of at least about 80%, and most preferably at least about 90%. 
Although not wishing to be bound to any panicular Aeory, it is believed that 

10 the surprisingly and unexpectedly high degrees of conversion of the processes 
described herein result from a combination of process parameters utilized during the 
one-step reaction process. It is preferred that pH of the reaction system be 
maintained, or approximately so. at a value of from about 4 to about 8, and most 
preferably at a value at which the en2ynie(s) are most active prior to reaction with 

15 the isoflavone conjugate(s) during the one-step reaction process. The pH of the whey 
is typically adjusted to about the pH range at which the specific enzyme is most 
active prior to reaction with the enzyme. It is preferred that the temperature of the 
reaction system be maintained, or approximately so, at a temperature of from about 
40** C to about 60° C, and most preferably at a temperamre of about 60** C during the 

20 one-step reaction process. Generally, the time periods necessary to achieve 
conversion of substantially all glucone isoflavones to aglucones via the one-step 
processes described herein are from about 2 hours to about 24 hours. In some 
instances it may be desirable to utilize time periods greater than 24 hours, such as 48 
hours. 

25 An alternative procedure for purposes of the present invention for conversion 

of glucone isoflavones to aglucone isoflavones, is to react the whey with one or more 
edible acids at a pH, time, and temperature sufficient lo convert at least a majority 
and substantially all the glucone isoflavones to aglucone isoflavones. This also tends 
to insolubilize the protein, thereby enabling the protein to be separated from the 

30 remaining whey. A preferred pH range for this procedure is from about 1.0 to about 
2.0, i>'pical temperatures are from about 80* C to about 90** C or higher, and typical 
time periods are from about 30 to about 180 minutes or longer. The conversion of 
glucone isoflavones to aglucone isoflavones can also occur at a higher pH. Effective 
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reactions can occur at pH's as high as about pH 4,5. But the reaction is much slower 
and requires much longer times. For instance, at a pH of 4,5 and temperature of 50° 
C, a time period of about 24 hours is necessary. 

Following conversion of the giucone isoflavones to aglucone isoflavones, the 
5 liquid whey may be employed as desired without drying or removal of the protein, 
or alternatively, the whey protein can be recovered to concentrate the aglucon 
isoflavones in the protein, since the aglucone isoflavones are less soluble than the 
giucone isoflavones. Recovery of whey protein enriched with aglucone isoflavones 
can be accomplished by conventional procedures including dewatering, heat 
10 coagulation, and ultrafiltration. The resulting enriched whey protein can be 
dewatered and dried by conventional means to provide a dried whey protein enriched 
with aglucone isoflavones. An example of an aglucone isoflavone enriched vegetable 
whey protein in accordance with the preferred cmbodunent has a dry basis genistein 
content of about 2.6 to about 8,7 mg/gram and a dry basis daidzein content of about 
15 2.5 to about 6.0 mg/gram. 

The present invention also provides methods of recovering isoflavones in whey 
and whey protein, in very high proportions, from a vegetable protein material such 
as a soybean material. The recovery levels obtainable by the processes described 
herein are typically at least 50%, preferably 65%, and most preferably 80%, based 
20 upon the total of all forms of the panicular isoflavone in the starting vegetable protein 
material. Although not wishing to be bound to any particular theory, it is believed 
that the high recoveries stem from the conversion reactions described herein coupled 
with the various processing operations also described. By converting giucone 
isoflavone cx)njugates. which are relatively soluble, to less soluble aglucone forms, 
25 at a particular stage of processing, it is possible to recover in the resulting product, 
a high percentage of the isoflavones in the feed material. 

The following Examples describe specific but non-limiting embodiments of the 
present invention. 
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Expgrimental 

Samples of 16% aqueous suspensions of spray dried whey were made in 0.02 
N phosphate buffer (pH 7) and incubated for 0, 3, and 24 hours at 45** C with and 
without added enzyme preparations. The samples receiving supplemental enzyme 
5 ^ received Biopectinasc lOOL in a concentration of 0.4% by weight. All samples were 
analyzed for isoflavone content. The percent distribution of the isoflavones found 
over the couree of the experiment is indicated in Table 1 set forth below. 

TABLE 1 



CC-tfim «««fl« W«MTI« ««I«T€IM t*T01U WlOim MIMIK 0AI02«I« CITCIUM CtTCItl* O^TCIKtM 

. i I X 3E Z 1 5 2 1 S 

M . „ , 5 « K 

^, 3 51 £0 0 ft *8 *t 3 < 50 32 W 

s< 3& 0 to s< 3e ? 4 *o 3J e 

lil M 0 U *t O I « « 33 13 

,t 12 0 70 15 1$ A ** 55 31 « 

10 aglucone isoflavone concentration of samples in which no enzyme was added, after 
24 hours incubation, was relatively low, e.g. genislein 10%. daidzein 6%, and 
giycitein 8%. The beneficial effect of the addition of supplemental enzyme is 
demonstrated by the significantly higher concentrations of genistein and daidzein, e.g. 
70% and 66%. respectively. The concentration of each type of isoflavone described 

15 herein is based upon the total of all forms of that isoflavone type. 

In another experiment, samples of whey were adjusted to pH 7. Samples 
were incubated at 45" C. After 24 hours incubation, in one-half of the samples, 
sufficient amounts of a supplemental beta-glucosidase enzyme was added, 
Biopectinase lOOL. All samples were placed at 45° C and incubated an additional 22 

20 hours. Subsamples were taken at t=0. 5, 24, and 46 hours and analyzed. All 
samples were analyzed for isoflavone content. The percent of each isoflavone found 
over the course of the experiment is indicated in Tables 2A and 2B set forth below. 
Table 2A summarizes the isoflavone content of samples in which no supplemental 
beta-glucosidase enzyme was added. Table 2B indicates the isoflavone distribution 

25 in samples that had originally been incubated 24 hours without having any 
supplemental enzyme added, which then received a sufficient amount of Biopectinase 
lOOL. Thus, the times indicated in Table 2B are with respect to Uie event of adding 
supplemental enzyme to the samples. For instance, the samples indicated for t=0 
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hours in Table 2B were actually incubated for 24 hours without any enzyme. And 
the samples listed in Table 2B at t=22 hours, were incubated for 22 hours subsequent 
to (he addition of the supplemental enzyme and incubated for 24 hours prior to the 
addition of supplemental enzyme. 
5 TABLE 2A 
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TABLE 2B 



«^f«ilft e«nl«tt«« C««tlt«1n C«««Ut«lf* ••Wlln 0«lifTln CMtln ••Ur«ln ClycltK Clrcltln Clrr1t«ln 

I z » 2 t > i X 2 E jr 

t-ohra : i« : o o , u « 

The data in Table 2A illustrate samples having marginally sufficient residual enzyme 
concentrations since the genistein, daidzein, and glycitein concentrations, after 
incubation for 24 and 46 hours are less than 50%. The data in Table 2B illustrate 

10 the benefits of adding supplemental enzyme, since after addition of the enzyme, 
conversion was 100% for genistein and daidzein and 87% for glycitein. 

In another series of experiments, samples of whey were adjusted to a pH of 
4.5 and incubated with supplemental enzyme Lactase F. The concentration of 
Lactase F was 0.02 gram Lactase F per 100 grams whey. Samples were taken at 

15 t=0, L5, 5, and 17 hours during incubation at 52" C. Table 3 shows the change and 
distribution of the isoflavones over the course of the experiment. 
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The data in Table 3 illustrate significant conversion to glycjtein after 17 hours. 

In another experiment, samples of whey were autoclaved to destroy residual 
enzymes and contaminate microbes, pH adjusted to 4.5 » the samples split into two 
5 groups and enzyme added as follows. To the first group of samples, O.I gram of 
supplemental enzyme preparation was added per each 100 grams primary whey in the 
samples. To the second group, 0.001 gram of supplemental enzyme preparation was 
added per each 100 grams of whey (enzyme was diluted 1 to 100 for this use). Whey 
samples were incubated at either 40" C or 60** C for 23 hours. Subsamples were 

10 withdrawn at t=0. 1. 2, 4, 6, and 23 hours. The supplemental enzyme Biopectinase 
300L, was provided by Quest International. All samples were analyzed for 
isoflavone content. The distribution of the isoflavones found over the course of the 
experiment is set forth below in Table 4. Biopectinase 300L converted isoflavone 
conjugates to agfucones to 90% genistein, 86% daidzein, and 60% glycilein at pH 

15 4.5, 60^ C, after 23 hours using 0.1 gram enzyme preparation per 100 grams whey. 
Considerable conversion had occurred after only 1 hour at 60" C with Biopectinase 
300L, as demonstrated by 70% genistein, 62% daidzein, and 44% glycitein. The 
conversion rate and the dose level of O.I gram enzyme preparation per 100 grams 
whey was effective at both 40** C and at 60" C. The supplemental enzyme dose rate 

20 of 100 times more dilute (0.001 grams per 100 grams primary whey) was not 100 
times slower. 
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The data in Tabic 4 illustrate the significani extent of conversion that is attainable by 
the processes of the present invention. 

In another series of experiments, samples of whey were pH adjusted lo 7 and 
5 to 8. and 0.05 gram Lactase F or Laclozyme was added per 5 grams primary whey 
(5% enzyme by weight of estimated 2% solids in the primary whey). Samples were 
incubated at 40" C and at 60** C. A sample was withdrawn before enzyme was added 
(t=0) and after 24 hours incubation al target temperatures. The enzyme preparation 
was made as follows. Controls were samples incubated without added enzymes. All 
10 samples were analyzed for isoflavone content. The change in percent distribution of 
isoflavone in whey after the 24 hour incubation period with either Lactase F or 
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Lactozyme is shown in Table 5 set forth below. The samples were not sterilized 
before adding enzymes in microbial contaminant growth was not inhibited in any 
way. 

TABLE 5 
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5 Referring to Table 5. an increase in conversion to genislein of 40% to 79% occurred 
at pH of 7 and after 24 hours of incubation by increasing incubation temperature 
from 40" C to 60" C. Similarly, even greater conversions can be performed by 
increasing pH, such as from 7 to 8. With respect to gcnistcin, conversion increased 
from 79% to 93% by that pH change at a temperature of 60** C and time of 24 hours. 

10 In another series of experiments, the percent recovery of genistein and 

daidzein in a whey protein derived from soybeans was investigated. The percent 
recovery was found by determining the amount of genistein (or daidzein) in the whey 
protein, and expressing that amount as a percentage based upon the total amount of 
all forms of genistein (or daidzein) in the soybean starting material. 100 g of 

15 defatted soy flour was extracted with 10(K) g of water at 32** C for 15 minutes. The 
pH of the slurry was 6.7. This provided a ratio of extractant to flour of 10.1. The 
slurry was then centrifuged for 5 minutes to remove the spent flour. The spent flour 
was extracted a second time with 600 grams of water at 32** C for 5 minutes. This 
provided a ratio of extractant to Hour of 6: 1 . The second extract was also separated 

20 from the spent flour by centrifugation for 5 minutes. The first and second aqueous 
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extracts were combined. The combined extracts were adjxisted to a pH of 4.5 by the 
addition of HCl to precipitate the protein from the soy whey. The soy whey was 
spray dried and then resuspended in water to a 20% solids level. The pH of the 
whey slurry was adjusted to 4.5 and the temperature maintained at 50** C. One 

5 ^percent by weight of the whey solids of Lactase F, an enzyme having beta- 
glucosidase activity, was added and allowed to react for 20 hours at 50** C to ensure 
complete conversion of the glucone isoflavones to the aglucone form. Following 
reaction, the whey shirry was heated to 95* C for one minute in order to insolubilize 
the whey proteins. The insoluble whey protein containing the agiucone isoflavones 

0 was recovered by centrifugation. The amount of genistcin recovered in the whey 
protein was 81% of the total of all forms of genistin and genistein in the starting 
soybean material (defatted soy flour). Similarly, the amount of daidzein recovered 
in the whey protein was 69%. 

The isoflavone content was quantified as follows. The isoflavones are 

5 extracted from soy products by mixing 0.75 g of sample (spray dried or finely ground 
powder) with 50 ml of 80/20 methanol/water solvent. The mixture is shaken for 2 
hours at room temperature with an orbital shaker. After 2 hours, the remaining 
undissolved materials are removed by filtration though Whatman No. 42 fdter paper. 
Five ml of the filtrate are diluted with 4 ml of water and 1 ml of methanol. 

D The extracted isoflavones are separated by HPLC (High Performance Liquid 

Chromatography) using a Beckman C18 reverse phase coliman. The isoflavones are 
injected on to the column and eluted with a solvent gradient starting with 88% 
methanol, 10% water, and 2% glacial acetic and ending with 98% methanol and 2% 
glacial acetic- At a flow rate of 0.4 ml/min, all the isoflavones - genistin, 6-0- 

5 Acetygenistin, 6-O^Malonylgenistin, genistein. daidzin. 6-0-Acetydaidzine, 6-0- 
Malonyldaidzin, daidzin. glycitin and its derivatives and glycitein - are clearly 
resolved. Peak detection is by UV absorbance at 262 mm. Identification of the 
peaks was by mass spectrometer. 

Quantification is achieved by using pure standards (genistin, genistein. daidzin 

[) and daidzein) purchased from Indofme Chemical Company, Sommer\'ille, NJ, 
Response factors (Integrated area/concentration) are calculated for each of the above 
compounds and are used to quaniitatc unknown samples. For the conjugated fonms 
for which no pure standards are available, response factors are assumed to be that of 
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the parent molecule but corrected for molecular weight difference. The response 
factor for glycitin is assumed to be that for genistin corrected for molecular weight 
difference. 

This method provides the quantitites of each individual isoflavone. For 
5 convenience, total genistein, total daidzein and total glycitein can be calculated and 
represent the aggregate weight of these compounds if all the conjugated forms are 
converted to their respective unconjugated fornis. These totals can also be measured 
directly by a method using acid hydrolysis to convert the conjugated fonns. 

Of course, it is understood that the foregoing are merely preferred 
10 embodiments of the invention and that various changes and alterations can be made 
without departing from the spirit and broader aspects thereof as set forth in the 
appended claims, which are to be interpreted in accordance with the principals of 
patent law including the Doctrine of Equivalents. 
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CLAIMS : 

The embcxliinents of the invention in which an exclusive property or 
privilege is claimed are defined as follows: 

1 . A process for producing an aglucone isoflavone enriched vegetable protein 
whey comprising: 

(a) obtaining a vegetable protein whey comprising glucone 
isoflavones; and 

5 (b) reacting said glucone isoflavones with a sufficient amount of at 

least one beta-glucosidase enzyme and esterase enzyme for a time period, 
temperature, and pH sufficient to convert at least a majority of said glucone 
isoflavones in said whey to aglucone isoflavones, and thereby produce an aglucone 
isoflavone enriched whey, 

2. The process as set forth in claim 1 wherein said time period is from about 
2 hours to about 48 hours. 

3. The process as set forth in claim 2 wherein said time period is about 24 
hours, 

4. The process as set forth in claim 1 wherein said temperature is about 40* C 
to about 60** C. 

5. The process as set forth in claim 4 wherein said temperature is about 60** 
C, 

6. The process as set forth in claim 1 wherein said pH is from about 4 to 
about 8. 

7. The process as set forth in claim 6 wherein said pH is about 4.5. 

8. The process as set forth in claim 1 wherein said time period is about 24 
hours, said temperature is about 60** C. and said pH is about 4.5. 
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9. The process as set forth in claim 1 further comprising: 

(c) recovering a protein material from said whey to provide an aglucone 
isoflavone enriched whey protein. 

10. The process as set forth in claon 9 wherein said whey protein comprises 
soybean whey. 

11. The process as set forth in claim 9 wherein said whey protein is recovered 
by at least one of ultrafiltration, heat coagulation, and dewatering. 

12. The process as set forth in claim 9 wherein said whey protein is recovered 
by a process which comprises heating said whey at a pH, time and temperature 
sufficient to insolubilized said protein and thereafter separating said insolubilized 
protein from said whey. 

13. The process as set forth in claim 12 wherein said pH is about 1 to about 2. 

14. The process as set forth in claim 12 wherein said temperature is at least 
about 80° C for at least about 30 minutes. 

15. The process as set forth in claim 12 wherein said insolubilized protein is 
separated from said whey by centrifugation. 

16. The process as set forth in claim 12 wherein said insolubilized protein is 
dewatered. 

17. The aglucone isoflavone enriched whey produced from the process as set 
forth in claim 1. 

18. The aglucone isoflavone enriched whey protein produced from the process 
as set forth in claim 9. 
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19. The process as set forth in claim 1 wherein substantially all glucone 
isoflavones are converted to aglucone isoflavones. 

20. A process for producing an aglucone isoflavone enriched vegetable protein 
whey comprising: 

(a) obtaining a vegetable protein whey comprising glucone isoflavones and 
sufficient residual enzyme which is at least one of beta-glucosidase enzyme and 

5 esterase enzyme, and 

(b) reacting said glucone isoflavones with said enzyme for a time period, 
temperature, and pH sufficient to convert at least a majority of said glucone 
isoflavones in said whey to aglucone isoflavones, and thereby produce an aglucone 
isoflavone enriched whey. 

21. The process as set forth in claim 20 wherein said time period is from about 
2 hours to about 48 hours. 

22. The process as set forth in claim 21 wherein said time period is about 24 
hours. 

23. The process as set forth in claim 20 wherein said temperature is about 40** 
C to about 60^ C. 

24. The process as set forth in claim 23 wherein said temperature is about 60*^ 
C. 

25. The process as set forth in claim 20 wherein said pH is from about 4 to 
about 8. 

26. The process as set forth in claim 25 wherein said pH is about 4,5. 

27. The process as set forth in claim 20 wherein said time period is about 24 
hours, tempcramre is about 60* C, and pH is about 4.5. 
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28. The process as set forth in claun 20 further comprising: 

(c) recovering a protein material from said whey to provide an aglucone 
isoflavone enriched whey protein, 

29. The process as set forth in claim 28 wherein said whey protein comprises 
soybean whey. 

30. The process of claim 28 wherein said whey protein is recovered by 
ultrafiltration. 

31. The process as set forth in claim 28 wherein said whey protein is 
recovered by a process which comprises heating said whey at a pH, time and 
temperature sufficient to insolubilized said protein and thereafter separating said 
insolubilized protein from said whey. 

32. The process as set forth in claim 31 wherein said pH is about 1 to about 2. 

33. The process as set forth in claim 31 wherein said temperature is at least 
about 80° C for at least about 30 minutes. 

34. The process of claim 31 wherein said insolubilized protein is separated 
from said whey by centrifugation. 

35. The process, as set forth in claim 31 wherein said solubilized protein is 
dewatered. 

36. The aglucone isoflavone enriched whey produced by the process of claim 
20. 

37. The aglucone isoflavone enriched whey protein produced by the process of 
claim 28. 
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38. The process as set forth in claim 20 wherein said substantially all glucone 
isoflavones are converted to aglucone isoflavones. 

39. A process for producing an aglucone isoflavone enriched vegetable protein 
whey comprising: 

(a) obtaining a vegetable protein whey comprising glucone isoflavones; 

(b) adding supplemental enzyme which is at least one of bcta-glucosidase 
5 enzyme and esterase enzyme to said whey so that the total concentration of 

enzyme in said whey is sufficient to convert at least a majority of glucone 
isoflavones in said whey to aglucone isoflavones; and 

(c) reacting said glucone isoflavones with said enzyme for a time period, 
temperature, and pH sufficient to convert at least a majority of said glucone 

10 isoflavones in said whey to aglucone isoflavones, and thereby produce an aglucone 
isoflavone enriched whey. 

40. The process as set forth in claim 39 wherein said time period is from about 
2 hours to about 48 hours. 

41. The process as set forth in claim 40 wherein said time period is about 24 
hours. 

42. The process as set forth in claim 39 wherein said temperature is about 40** 
C to about 60** C. 

43. The process as set forth in claim 42 wherein said temperature is about 60** 
C. 

44. The process as set forth in claim 39 wherein said pH is from about 4 to 
about 8. 

45. The process as set forth in claim 44 wherein said pH is about 4,5. 
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46. The process as set forth in claim 39 wherein said time is about 24 hours, 
said temperanire is about 60° C, and said pH is about 4.5, 

47. The process as set forth in claim 39 further comprising: 

(d) recovering a protein material from said whey to provide an aghicone 
isoflavone enriched whey proteiii. 

48. The process as set forth in claim 47 wherein said whey protein comprises 
soybean whey. 

49. The process as set forth in claim 47 wherein said protein is recovered by 
ultrafiltration. 

50. The process as set forth in claim 47 wherein said protein is recovered by a 
process which comprises heating said whey at a pH, time, and temperature 
sufficient to insolubilize said protein and thereafter separating insolubilized protein 
from said whey. 

51. The process as set forth in claim 50 wherein said pH is about 1 to about 2. 

52. The process as set forth in claim 50 wherein said temperature is at least 
about 80° C for at least about 30 minutes. 

53. The process as set forth in claim 50 wherein said insolubilized protein is 
separated from said whey by centriftigation. 

54. The process as set forth in claim 50 wherein said insolubilized protein is 
dewaiered. 

55. The agluconc isoflavone enriched whey produced by the process of claim 
39. 
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56. The aglucone isoflavone enriched whey protein produced from the process 
as set forth in claim 47. 

57. The process as set forth in claim 39 wherein substantially all glucone 
isoflavones axe converted to aglucone isoflavones. 

58. A process for producing an aglucone isoflavone enriched vegetable protein 
whey comprising: 

(a) obtaining a vegetable protein whey comprising glucone isoflavones; and 

(b) reacting said glucone isoflavones with a sufficient amount of acid at a 
5 pH, time, and temperature sufficient to convert at least a majority of said glucone 

isoflavones in said whey to aglucone isoflavones, and thereby produce an aglucone 
isoflavone enriched whey. 

59. The process as set forth in claim 58, wherein said pH is from about 1 to 
about 2. 

60. The process as set forth in claim 59 wherein said temperature is from 
about 80** C to about 90' C. . 

61. The process as set forth in claim 59 wherein said time is from about 30 
minutes to about 180 minutes. 

62. The pit)cess as set forth in claim 58 wherein said pH is about 4,5. 

63. The process as set forth in claim 62 wherein said time is about 24 hours. 

64. The process as set forth in claim 62 wherein said temperature is about 50** 
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65. An aglucone isoflavone enriched vegetable whey protein having a dry basis 
gcnistein content of about 2.6 to about 8.7 mg/gram and a dry basis daidzein 
content of about 2.5 to about 6.0 mg/gram, 

66. The process as set forth in claim 1 wherein said pH is at a value at which 
said enzyme is most active prior to reaction with said glucone isoflavones. 

67. The process as set forth in claim 20 wherein said pH is at a value at which 
said enzyme is most active prior to reaction with said glucone isoflavones. 

68. The process as set forth in claim 39 wherein said pH is at a value at which 
said enzyme is most active prior to reaction with said glucone isoflavones. 

69. A process for recovering in a whey protein at least 50% of an isoflavone 
from a vegetable protein material, comprising: 

(a) obtaining a vegetable protein whey comprising isoflavones; 

(b) reacting said isoflavones with a sufficient amount of an enzyme for a 
time period, temperature, and pH sufficient to convert at least a majority of said 
isoflavones in said whey to less soluble isoflavones, and thereby produce an 
isoflavone enriched whey; and 

(c) recovering a protein material from said whey to provide a whey protein 
containing at least 50% of the isoflavones contained in said vegetable protein 
material. 

70. The process as set forth in claim 69 wherein said whey protein contains at 
least 65% of the isoflavones contained in said vegetable protein material. 

71. The process as set forth in claim 69 wherein said whey protein contains at 
least 80% of the isoflavones contained in said vegetable protein material. 

72. The whey protein of claim 69. 
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73. The whey protein of claim 70. 

74. The whey protein of claim 71 . 

75. The process as set forth in clann 69 wherein said vegetable protein material 
comprises a soybean material. 

76. The process as set forth in claim 69 wherein said enzyme is selected from 
the group consisting of beta-glucosidase enzyme and esterase enzyme. 
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